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General. Octa-substituted ammonium POSS (Amino-POSS), dichlorobis(2,2'-bipyridine)ruthenium(II) (Ru(bpy) 2 Cl 2 ) were prepared according to the previous reports. Optical properties measurements. UV-vis absorption spectra were recorded with a SHIMADZU UVvis-NIR Spectrometer UV-3600 at 25 °C. Emission spectra from the samples were monitored using a HORIBA Fluorolog-3 at 25 °C using 1 cm path length cell.
Electrochemical and ECL measurements. Cyclic voltammetry (CV) and bulk electrolysis (BE) were performed with an ALS Electrochemical Analyzer Model 600D (BAS Inc., Japan). A conventional threeelectrode method was adopted with a Pt wire as the counter electrode and an Ag/AgCl (saturated with 3 M NaCl) as the reference electrode. The working electrode was indium tin oxide (ITO) electrode (<10 Ω/square, 7 mm × 50 mm). ITO electrodes were cleansed by sequential sonication for 30 min each in the following solvents; ion-exchanged water (IEW) with detergent, acetone, IPA, IEW and then dried in vacuo.
The sample solutions other than oxygen resistant tests were purged with Ar for 20 min before measurements.
In oxygen resistant experiments, the samples were aerated by bubbling for 20 min. Electrochemical cell was kept in the dark, and the ECL concomitant with electrochemical analyses were measured with a S-3 Modular USB Spectrometers USB 4000 (Ocean optics, Inc., USA). ECL intensity was calculated by integration from 550 nm to 800 nm wavelength.
Synthetic procedures and characterization
Preparation of bipyridine ligand containing POSS (bpyL-POSS). BpyL-POSS was prepared according to the previous report.
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The typical procedure is shown here. 4,4′-dimethyl-2,2′-bipyridine (5.2 g, 28 mmol) was dissolved in THF (100 mL) at room temperature and then cooled to −78 °C. 19 mL of LDA (1.5 M solution in THF/ethylbenzene/heptane) was added to the solution and stirred for 1 h at −78 °C. 5-Bromovaleronitrile (3.6 mL, 31 mmol) in THF (5 mL) was subsequently added, and the reaction mixture was stirred for 3 h at 0 °C. The resulting mixture was diluted with water (100 mL), neutralized with 1 M HCl and extracted with ethyl acetate. The organic phase was washed with brine, dried over MgSO 4 and concentrated in vacuo. The crude product was dissolved with chloroform and purified by silica gel column chromatography (gradient elution, hexane/ethyl acetate, from 10/1 to 1/1 v/v containing 1 v/v % triethylamine) to give 2.8 g (38%) of 4-(5-cyanopentyl)-4′-methyl-2,2′-bipyridine as a brown powder. A mixture of 4-(5-cyanopentyl)-4′-methyl-2,2′-bipyridine (1.5 g, 5.6 mmol) and conc. HCl (35-37%, 10 mL) was stirred at 100 °C for 15 h. The resulting mixture was cooled down to room temperature and adjusted the pH value to 4.0-4.5 with 6 N NaOH and extracted with chloroform. The organic phase was washed with brine, dried over MgSO 4 and concentrated in vacuo to yield 6-(4′-methyl-2,2′-bipyridin-4-yl)hexanoic acid (1.4 g, 86%) as a magenta powder. 6-(4′-Methyl-2,2′-bipyridin-4-yl)hexanoic acid (280 mg, 2.0 mmol) was dissolved in 25 mL DMSO in a flask. DMT-MM (550 mg, 2.0 mmol) was added to the solution and stirred at room temperature for 1 h, followed by addition of Amino-POSS (1.2 g, 1.0 mmol) and triethylamine (280 μL, 3.1 mmol). The mixture was stirred at 25 °C for 51 h and dropped into 250 ml acetonitrile containing 0.2 wt% HCl and the products were precipitated. The precipitation was collected by filtration and washed with acetonitrile and dried in vacuo. The resultant solid was dissolved in methanol and the precipitation step was repeated. The pale magenta powder of bpyL-POSS was thus obtained (1.2 g, 0.89 mmol, 89%). The average substitution rate with the bpy ligands was 1.0 of eight aminopropyl moieties of Amino-POSS, which is calculated from the integration ratios of the 1 H NMR peaks. 158.6, 158.2, 158.0, 156.3, 155.3, 155.1, 154.7, 154.5, 152.6, 152.1, 151.9, 151.6, 139.0, 129.7, 129.0, 128.9, 126.6, 125.8, 125.6, 43.1, 36.8, 36.0, 30.9, 30.0, 26.8, 24.0, 22.3, 21.3, 10.3, 9.6 8, 156.6, 156.6, 156.1, 156.0, 153.9, 151.2, 151.1, 151.1, 150.9, 150.4, 150.2, 149.7, 137.7, 128.5, 127.8, 125.3, 124.4, 124.4, 35.1, 34.2, 29.1, 28.1, 24.9, 22.4, 20.6, 11.3 
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Chart S1.
H NMR spectrum of Ru-POSS in DMSO-d 6 at 25 °C (400 MHz).
Chart S2.
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C NMR spectrum of Ru-POSS in CD 3 OD at 25 °C (100 MHz).
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Chart S3.
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Si NMR spectrum of Ru-POSS in DMSO-d 6 at 25 °C (80 MHz).
Chart S4.
1 H NMR spectrum of Ru-Model in DMSO-d 6 at 25 °C (400 MHz).
S-8
Chart S5. 
